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和操作参数，采用 PC-SAFT 状态方程作为主要热力学模型；其次根据 Aspen Tech










模型的参数， 终建立稳态流程模型。  








































To develop a flowsheet simulation for industrial polymerization process, which 
can reflect the polymerization mechanism in essence and combine the unit operation 
closely, is not only helpful to master the inherence of the polymerization process, but 
also an important access to improve the plant’s performance and profit. 
The Hypol technology of polypropylene process was taken as background 
flowsheet, whose components and operational conditions are carefully studied, 
indicating the use of PC-SAFT equation of state as the primary thermodynamic and 
physical model; then, taking the computational characteristic of Polymers Plus into 
consideration, the target process has been simplified and modularized using 
fundamental chemical engineering principles. Herein, the polymerization reactors are 
the heart to the Hypol technology, and through the conservation analysis of mass and 
energy, the detection of non-equilibrium behavior for the liquid-phase reactor leads to 
a novel reactor model, wherein the vapor-liquid equilibrium behavior was separated 
from polymerization behavior creatively. 
According to the mechanism of propylene polymerization, the traditional 
Ziegler-Natta polymerization system was incorporated from single-site to multi-site 
model by fitting the actual data sourced from open reports and certain plant data in the 
light of the GPC (Gel Permeation Chromatography) deconvolution of polypropylene 
sample. Hereby, the steady-state flowsheet model was exported from Polymer Plus 
into Aspen Dynamics, and by adding the complementary dynamic configurations and 
control scheme modules; the dynamic flowsheet simulation was finally set up. 
The flowsheet model was fully verified and applied to analyze plant performance. 
The results showed that the model had a good agreement with the plant data, 
demonstrating the prediction capabilities of capacity enlargement, operational 
optimization et al. Several cases have been studied to explore the use of this flowsheet 
model steadily and dynamically, including the polymer grade transition，polymer 
production improvements. 





























目  录 
前  言.........................................................................................................1 
第一章  文献综述 ....................................................................................3 






1.2 化工流程模拟 ...............................................................................................10 
1.2.1 概述......................................................................................................10 
1.2.2 流程模拟..............................................................................................11 
1.2.3 Aspen Plus流程模拟软件.....................................................................14 
1.2.4 Polymers Plus软件简介........................................................................15 






1.4 课题的目的和意义 .......................................................................................23 
本章参考文献 ......................................................................................................24 
第二章 聚丙烯工艺流程 ........................................................................28 
2.1 工艺概况 .......................................................................................................28 
2.2 工艺特点 .......................................................................................................29 





















2.4 原料规格及质量指标 ...................................................................................34 
2.4.1 丙烯质量指标......................................................................................34 
2.4.2 辅助原料规格表..................................................................................35 
2.5 主要操作条件 ...............................................................................................36 
2.6 工艺进展 .......................................................................................................36 
2.7 本章小结 .......................................................................................................37 
本章参考文献 ......................................................................................................38 
第三章 稳态模型的建立 ........................................................................39 















3.3.4 催化剂（Ziegler-Natta）的组分属性 ................................................63 
3.3.5 单活性中心动力学常数的拟合..........................................................64 






















3.5.5 使多活性中心的DPN、PDI与GPC解析结果相同 ...........................85 
3.5.6 多活性中心适合等规度的拟合..........................................................87 
3.5.7 多活性中心速率常数的 终结果......................................................87 
3.6 本章小结 .......................................................................................................89 
本章参考文献 ......................................................................................................89 
第四章 动态模型的建立 ........................................................................94 
4.1 动态模拟简介 ...............................................................................................94 
4.2 增加动态信息 ...............................................................................................94 
4.2.1 动态参数的输入..................................................................................94 
4.2.2 设备参数..............................................................................................95 
4.3 生成动态文件 ...............................................................................................95 
4.4 工艺流程控制方案 .......................................................................................96 
4.4.1 液相聚合釜的温度控制方案..............................................................96 
4.4.2 气相聚合釜的温度控制方案..............................................................97 
4.4.3 D-201、D-202、D-203 的料位控制 ...................................................97 
4.4.4 凝液罐D208 控制方案........................................................................98 




4.6 运行动态模拟 .............................................................................................100 
















第五章 模型的验证与开发应用 ..........................................................102 




5.2 工艺操作条件分析 ..................................................................................... 110 
5.2.1 氢气..................................................................................................... 111 
5.2.2 催化剂.................................................................................................112 
5.2.3 丙烯.....................................................................................................114 
5.3 新牌号产品开发 ......................................................................................... 114 
5.4 牌号切换策略优化 ..................................................................................... 115 
5.5 增产扩能分析 ............................................................................................. 119 
5.6 本章小结 .....................................................................................................121 
本章参考文献 ....................................................................................................121 
第六章 结论与展望 ..............................................................................123 
6.1 课题研究结论 .............................................................................................123 



























Chapter 1 Review......................................................................................3 
1.1 Summary of Polypropylene Industry............................................................3 
1.1.1 Introduction.............................................................................................3 
1.1.2 Polypropylene Resins and Application ...................................................3 
1.1.3 Catalyst and Polymerization Mechanism................................................4 
1.1.4 Primary Polypropylene Techniques ........................................................6 
1.1.5 Imbalance between Domestic and Oversea ............................................8 
1.2 Flowsheet Simulation....................................................................................10 
1.2.1 Summary ...............................................................................................10 
1.2.2 Flowsheet Simulation............................................................................11 
1.2.3 Aspen Plus Software .............................................................................14 
1.2.4 Polymers Plus Software ........................................................................15 
1.3 Research Progress .........................................................................................17 
1.3.1 Microscale Models................................................................................19 
1.3.2 Mesoscale Models.................................................................................19 
1.3.3 Macroscale Models ...............................................................................19 
1.3.4 Flowsheet Models .................................................................................20 
1.3.5 Difficulties and Weakness.....................................................................22 
1.4 Ambition and Significance of this Work .....................................................23 
Reference .............................................................................................................24 
Chapter 2 Polypropylene Flowsheet .....................................................28 
2.1 Summary of Technique.................................................................................28 
2.2 Technical Characteristics .............................................................................29 
2.3 Techniques .....................................................................................................30 
2.3.1 Catalyst Section ....................................................................................30 
2.3.2 Hydrogen System..................................................................................31 
2.3.3 Propylene Feed and Flushes..................................................................31 
2.3.4 Liquid-Phase Polymerization System...................................................31 
2.3.5 Gas-Phase Polymerization System .......................................................33 
2.3.6 Propylene Recovery System .................................................................34 















2.4.1 Propylene Quality Criterion..................................................................34 
2.4.2 Other Material Quality Criterion ..........................................................35 
2.5 Major Operational Conditions ....................................................................36 
2.6 Technique Progress .......................................................................................36 
2.7 Chapter Progress...........................................................................................37 
References............................................................................................................38 
Chapter 3 Steady-State Flowsheet Simulation .....................................39 
3.1 Component and Thermodynamic Simulation ............................................39 
3.1.1 Components ..........................................................................................39 
3.1.2 Physical and Thermodynamic Models..................................................40 
3.1.3 Polymer Solution in Phase Equilibrium................................................47 
3.2 Flowsheet Modularization............................................................................49 
3.2.1 Modularization of Liquid-Phase Polymerization System.....................50 
3.2.1.1 Operational Principles.................................................................50 
3.2.1.2 Non-Equilibrium Model..............................................................53 
3.2.1.3 Model Principles .........................................................................56 
3.2.2 Modularization of Gas-Phase Polymerization System .........................57 
3.2.3 Modularization of the Polymerization Section .....................................58 
3.3 Single-Site Kinetic Model .............................................................................59 
3.3.1 Mechanism of Propylene Polymerization.............................................59 
3.3.2 Kinetic Model of Propylene Polymerization ........................................61 
3.3.3 Single-Site Kinetic Model.....................................................................62 
3.3.4 Component Attribute of Catalyst ..........................................................63 
3.3.5 Fitting of the Single-Site Kinetic Model...............................................64 
3.4 Deconvolution of Polypropylene GPC ........................................................71 
3.4.1 Summary ...............................................................................................71 
3.4.2 Principles of GPC Deconvolution.........................................................71 
3.4.3 The Result of Deconvolution ................................................................73 
3.5 Multi-Site Kinetic Model..............................................................................82 
3.5.1 Summary ...............................................................................................82 
3.5.2 Reaction Constant of Site-Active..........................................................83 
3.5.3 Reaction Constant of Propagation ........................................................83 















3.5.5 The Agreement between DPN, PDI and GPC Deconvolution Results .85 
3.5.6 Multi-Site Kinetic MOdel .....................................................................87 
3.5.7 Kinetic Constants of Multi-Site Model.................................................87 
3.6 Chapter Summary ........................................................................................89 
References............................................................................................................89 
Chapter 4 Dynamic Flowsheet Simulation ...........................................94 
4.1 Introduction...................................................................................................94 
4.2 Input Dynamic Configurations....................................................................94 
4.2.1 Input Dynamic Parameters....................................................................94 
4.2.2 Equipment Parameters ..........................................................................95 
4.3 Export to Dynamic File ................................................................................95 
4.4 Control Scheme .............................................................................................96 
4.4.1 Temperature Control of Liquid-Phase Polymerization System ............96 
4.4.2 Temperature Control of Gas-Phase Polymerization System.................97 
4.4.3 Level Control of D-201、D-202、D-203 ............................................97 
4.4.4 Control Scheme of D208 ......................................................................98 
4.5 Adding Control Module................................................................................98 
4.5.1 Control Modules for Liquid-Phase Polymerization System .................98 
4.5.2 Control Modules for Gas-Phase Polymerization System......................99 
4.5.3 Control Modules for Propylene Recovery System .............................100 
4.6 Processing Dynamic Simulation ................................................................100 
4.7 Chapter Summary ......................................................................................101 
References..........................................................................................................101 
Chapter 5 Model Verification and Application..................................102 
5.1 Model Verification.......................................................................................102 
5.1.1 Confirm of the Kinetic Model.............................................................102 
5.1.2 Verification of the Liquid-Phase Polymerization................................104 
5.1.3 Verified by Multiple Polymer Grades .................................................107 
5.2 Analysis of Operational Conditions........................................................... 110 
5.2.1 Hydrogen............................................................................................. 111 
5.2.2 Catalyst ...............................................................................................112 
5.2.3 Propylene ............................................................................................114 















5.4 Grade transition Simulation and Optimization ....................................... 115 
5.5 Capacity Improvement............................................................................... 119 
5.6 Chapter Summary ......................................................................................121 
Reference ...........................................................................................................121 
Chapter 6 Conclusion and Prospective Advice ..................................123 
6.1 Research Conclusion...................................................................................123 
6.2 Prospective Advice ......................................................................................124 
Nomenclature ........................................................................................125 
Appendix A Flowsheet for Steady-State Simulation ..........................126 
Appendix B Flowsheet for Dynamic Simulation................................127 

















前  言 
聚丙烯是五大类通用塑料之一，由于其原料来源丰富、价格便宜、易于加工
成型、产品综合性能优良，自 1954 年意大利 Natta 教授在实验室首次合成出聚
丙烯，1957 年聚丙烯即实现了工业化。目前，聚丙烯已经成为发展速度 快、
产量 大、牌号 多、用途 广的合成树脂品种之一，广泛应用于注塑、挤管、
吹塑、涂覆、喷丝、改性工程塑料等各种工业和民用塑料制品领域。 
    2007 年全世界聚丙烯的总消费量约为 4435.1 万吨，比 2006 年增长约 5.8%，
而且预计今后几年，全球聚丙烯的需求量仍将以年均约 5.8%的速度增长，到 2011
年需求量将达到约 5490.0 万吨。而中国作为世界上 大的外贸进出口加工制造
基地，近十年来，聚丙烯消费量以年均 17.59%的速度增长，大大超过了世界平
均增长水平。国内外旺盛的市场需求催生了聚丙烯产能的快速增长。在 2000-2007
年，世界聚丙烯产能平均增速达到 4.6%，2008-2011 年，全球将新增 1020 万吨/
年聚丙烯产能，至 2009 年总产能将达到 5830 万吨/年，2010 年达到 5980 万吨/
年。因此，聚丙烯产业仍处于一个快速发展的上升阶段。 
然而世界各个地区的聚丙烯产能、产品和消费结构分布不均匀。这在国内与
国外的对比上尤为明显。截止到 2007 年，我国聚丙烯的生产厂家已经达到 90
多家，总生产能力达到约 691.0 万吨/年，成为仅次于美国的世界第二大聚丙烯
生产国。特别是中国石油化工集团公司和中国石油天然气集团公司两大石化巨
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